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Abstract

Spent solvents of reprocessing origin constitute a major portion of radioactive liquid organic wastes
arising from nuclear activity. An in-depth study of this waste stream has led to the evolution of a complete
management option, which addresses not only the concern of radioactivity but also its organic nature. This
is based on alkaline hydrolysis of Tri-/z-butyl phosphate (TBP), which converts it into aqueous soluble
products, viz. sodium salt of dibutyl phosphoric acid and butanol. During the process of alkaline
hydrolysis almost all the activity associated with the waste gets transferred into the aqueous phase. The
recovered diluent virtually free of activity and TBP can be recycled, and in case of it not meeting
reprocessing standards, can be incinerated. The process generated aqueous waste is found compatible with
cement and can be immobilized in cement matrix.

1. INTRODUCTION

Separation of useable nuclear materials from fission products by solvent extraction process forms
the most important aspect of reprocessing spent fuel. Tri-/z-butyl phosphate (TBP) in n-dodecane (diluent)
is the extractant normally used for this purpose. Repeated use the extractant leads to its deterioration,
which contributes to unsatisfactory operations. The extent of degradation varies with the exposure of the
organic extractant phase to radiation and reactive chemicals during the processing of aqueous feed.
Improved clean-up systems help in extending the life of the solvent. But eventually, when the solvent
becomes too degraded for efficient use, techniques have to be found for safe management of these spent
solvent. Conversion of this organic matter into a stable form is desirable as a long-term strategy for the
management of these wastes.

2. WASTE CHARACTERISTICS

The spent solvent is essentially 30 vol% TBP (tri-/z-butyl phosphate) in n-dodecane solutions
containing the degradation products and the radioactivity associated with it. Degradation products of TBP
are dibutyl phosphoric (HDBP), monobutyl phosphoric (H2MBP) and phosphoric acid [1]. The diluent
though more resilient to degradation than TBP may also lead to various other degradation products [2]. In
India, these spent solvents are presently stored in an underground stainless steel tank. A typical
radiochemical composition of this waste stream is given in Table I.

TABLE I: RADIOCHEMICAL COMPOSITION OF SPENT SOLVENT

Radioactivity Concentration
(Bq/ml)

Gross alpha* 740 - 1200

Gross beta 28,000 - 40,000
Major fission products
Ru-106 27,000-37,000
Cs-137 30-90

*(Pu+Am; Pu/Am= 10)



3. PROCESS SELECTION

Various promising treatment options were studied in our laboratory. The summary of the
evaluations based on our studies are given in Table II

TABLE II: SUMMARY OF PROCESS EVALUATION STUDIES

Process
Direct pyrolysis cum
incineration

Extraction cum
pyrolysis process
using phosphoric acid

Wet oxidation using
H2O2

Alkaline hydrolysis

Features
High temperature
process

TBP-H3PO4 adduct
formation at room
temp., followed by
pyrolysis of adduct at
200 °C

Oxidative
decomposition using
35%H2O2atl00°C.

Decomposition using
NaOH at around
120°C

Advantages
Conceptually straight
forward

Diluent is freed of
TBP and activity

Diluent is freed of
TBP and activity

Diluent is freed of
TBP and activity.
Secondary waste
amenable to
immobilization

Disadvantages
Generation of corrosive
P2O5

Generation of 19M
phosphoric acid as
secondary radioactive
waste

High consumption of
H2O2. Handling of
secondary waste
containing phosphoric
acid

Generation of large
volumes of secondary
waste

The simplicity of the alkaline hydrolysis process made it an obvious choice for further
detailed study. Its capability to render the diluent free of TBP and activity was well recognized during
the study. The products of reaction being aqueous soluble, could be immobilized in cement matrices.

4. PROCESS DESCRIPTION

TBP being an ester of H3PO4 is susceptible to hydrolysis both with acids and bases. Alkaline
hydrolysis is a better choice as its kinetics is faster than acid hydrolysis.

The governing equations for alkaline hydrolysis of TBP is [3]:

(C4H9O)3P=O+NaOH- (C4H9O)2POONa + C4H9OH

Very little conversion of NaDBP to Na2MBP occurs as NaDBP is relatively stable to alkaline
hydrolysis and also no further conversion of Na2MBP to sodium phosphate occurs during the reaction.

The hydrolysis of TBP is dependent on temperature, degree of mixing, concentration and amount of
NaOH and concentration of TBP in n-dodecane. Hydrolysis reaction occurs in aqueous phase and hence
is dependent on the solubility of TBP in the aqueous phase. Presence of the reaction products has a
favorable impact on the reaction kinetics and this necessitates total refluxing of the vapours during
hydrolysis [4,5].

Laboratory scale experiments both on inactive scale as well as active scale, using 12.5 M NaOH in
stiochiometric excess, confirmed the above. Near total recovery of the diluent could be achieved by
addition of water after completion of reaction. The recovered diluent was analyzed and found practically



free of TBP and activity. The activity associated with the spent solvent got transferred to the bottom
aqueous phase containing the reaction products and the excess alkali [6].

5. PROCESS SCHEMATIC

Based on these experimental studies a complete management scheme has been evolved
specifically for these wastes. This scheme involves a treatment step of alkaline hydrolysis of TBP
resulting in the separation of the diluent virtually free of TBP and activity. The diluent after hydrolysis
could be recycled to the reprocessing plant. In the event of the diluent not meeting reprocessing standards,
it could be incinerated. The aqueous bottoms will be immobilized in cement matrices. The block diagram
for the complete scheme is given in Fig.l. Summary of the feed additives and the resultant secondary
waste generated are indicated in the figure. This scheme has been tested on inactive plant scale for a
batch capacity of 200 L of spent solvent.

Additives
NaOH- 40L
Water - 90L

Total Reflux
Condenser

Off-gas
treatment

Incineration

Aqueous bottoms
(190L)

Recovered Diluent
(140L)

Solidified Product
(240L)

FIG 1. : Schematic for the management of spent solvent

5.1. Alkaline hydrolysis demonstration trials

5.1.1. Demonstration facility description

Based on the scheme worked out, an engineering scale demonstration facility for carrying out
the treatment process using non-radioactive solvent was set up. The facility was designed to process
200 L/batch of solvent. The plant housed a reaction kettle of 500L capacity provided with a jacket for
steam heating and a mechanical agitator mounted on top of the kettle. The reaction kettle was
designed to provide 100% free board space for safe operation. A shell and tube type condenser
connected to the vapor line of the reaction kettle was provided to ensure complete reflux of all vapors
generated during the reaction. All the inlet ports were provided on top of the kettle for feeding of
waste & additives. A bottom outlet was provided to facilitate complete draining of the contents of the
reaction kettle into a separation tank located below. The separation tank was provided with interphase
sensing probes that facilitated separate draining of the two phases into designated waste collection



tanks. Fig. 2 gives the process schematic for this demonstration facility. Equipment like reaction
kettle, vessels & tanks were housed on a structural framework. Fig. 3 is a photograph of the facility
showing various equipment mounted on the structural framework. All vessel off-gas lines/vents were
connected to a common header that was routed to the exhaust blower. The complete facility was
provided with a containment tray at the bottom, the capacity of which was such as to contain the
entire volume of the reactor contents, in case of any bottom leakage/ spillage. All the equipment
were provided with adequate instrumentation. Pneumatically operated bellow seal valves were used to
demonstrate remote operability of the facility.
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FIG. 2: Alkaline Hydrolysis Process — schematic.
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3. Photograph of the alkaline hydrolysis demonstration facility.



5.1.2. Operation of the demonstration facility

The feed to the reaction kettle consisted of 200L of organic solvent and 40 L of 12.5 mol/L NaOH.
Organic solvent was transferred to reaction kettle by an air lift from feed tank (FT). 40 L of NaOH was
subsequently gravity drained into the reaction kettle from chemical tank (CT). The contents of the kettle
were continuously agitated by the use of mechanical agitator to keep the alkali dispersed in the organic
solvent. The exhaust blower connected to the condenser vent maintained the reaction vessel below
atmospheric pressure.

Supply of steam to the jacket of the reaction kettle was started only after ensuring that the desired
level of vacuum was attained in reaction kettle and checking for closure of all inlet and outlet ports to the
reaction kettle. The desired reaction temperatures were maintained by ON/OFF control of steam. All
other vessels were also maintained below atmospheric pressure.

After about 5 hours of reaction, at temperature in the range of 98-116°C, samples were drawn under
constant agitation. On standing, these samples separated into three phases. Water was subsequently added
into the reaction kettle and post reaction agitation was carried out for about 30 minutes for enabling
dissolution of the middle phase. Two distinct phases were then detected by the interphase sensing probes,
which was concurred by the density probes provided in both the phases. The density of the top phase had
decreased from about 0.80 g/cm (corresponding to 30% TBP in n-dodecane) at the start of the reaction to
about 0.74 g/cm (corresponding to n-dodecane) indicating near completion of reaction. The total contents
of the reaction kettle were drained into a separation tank where the phases were allowed to separate. The
separated phases were collected into designated tanks for the aqueous bottoms and the recovered diluent.
The results of the runs are given in Table 3

TABLE 3: RESULTS OF FULL SCALE RUNS ON ALKALINE HYDROLYSIS OF
SPENT SOLVENT

Run
No.

1.

2.

3.

Batch
Vol.

(L)

200

200

200

(L)

48

37

36.5

Additives

Alkali
(Cone)

12.2M

13.0M

12.45M

Water
(L)

90.0

90.5

90.0

TBP Hydrolysed

(%)

100.00

99.98

99.90

n-dodecane
recovered

(%)

98.57

98.31

98.9

Aqueous bottoms
(L)

190

187

190

5.2. Immobilization trials of process generated aqueous bottoms

Experimental studies carried out on immobilization of the aqueous waste generated from the
treatment step, in cement matrices have established their compatibility. Blocks with waste to cement ratio
of 0.4 were seen to set within 24 hours, with no bleed liquid. After curing for a period of 28 days these
blocks were subjected to leach tests. Leaching procedures followed were as per ISO standards. Leaching
results for a typical block is given in Fig. 4.

In order to assess operational parameters like sequence of waste & cement addition, mixing time etc.
full-scale blocks were made by mixing 150 Kgs of OPC with 60 L of waste using a nauta mixer. These
experiments have established process parameters with regard to good homogenization of mix at water to



cement ratio of 0.4. No bleed liquid was observed after 24 hours and the blocks had set well. Core drilled
samples of these cured blocks were subjected to compressive strength tests and the average strength of
these blocks were found to be around 18 MPa.
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FIG. 4. Leach results of process generated aqueous waste immobilized in cement matrix.

6. CONCLUSION

Consolidated results of these studies have established the evolved scheme, providing a workable
solution for the management of the spent solvents of reprocessing origin. Treatment of these solvents
using the alkaline hydrolysis process have aided in removing more than 99.8% of TBP and recovering
about 98% of the diluent. The process generated aqueous waste has been found compatible with cement
matrices. Experience gained in these studies has helped in setting up of a spent solvent management
facility at the Bhabha Atomic Research Centre, Trombay, India.

REFERENCES

[1] MATT,EN, J. C, "Secondary PUREX solvent cleanup: laboratory developments", Nuclear Technology,
Vol. 83, (Nov. 1988).
[2] TALLENT, O. K., MAILEN, J. C.,. DODSON, K. E., " PUREX diluent chemical degradation",
Nuclear Technology, Vol. 71, (Nov. 1985).
[3] SCHULZ, W., NAVRATIL,J. D, (Ed.)., "Science and technology of tributyl phosphate", Vol. 1, CRC
Press Inc., Florida, U.S.A (1984).
[4] HEALY,T. V., "Fuel reprocessing solvent tributyl-phosphate: Its degradation, clean-up and disposal",
Management of radioactive waste from the nuclear fuel cycle(Proc. Symp. Vienna, 1976), Vol. 1, IAEA
Vienna (1976).
[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Treatment and Conditioning of Radioactive
Organic Liquids, IAEA-TECDOC-656, IAEA, Vienna (July 1992).
[6] SRINTVAS, C, et al., "Alkaline hydrolysis process for treatment and disposal of PUREX solvent
waste" BARC/1994/E/019,Trombay, India (1994).


